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) The application does not meet the requirements of Article 6 

not clear. The passage of claim 1 reading "and wherein the pluralrty of the flow cells- 
are arranged in parallel in two directions between the manifolds" is vague and 
ambiguous as it allows several possible interpretations when trying to establish the 
scope of protection. For the purpose of assessing novelty and inventive step, this 
Authority has interpreted the claim as the embodiment of the distributor shown ,n 
figures 9 and 1 0 of the present application. It is understood that the entrance into the 
regional phase requires the clarification of this ambiguity by including more specific 
technical features of the embodiment to which the claim seems to refer. 



2) MvXte proton of point 1) of the present communication, it is <^^*""»» 
subject-matter of claim 1 appears to meet the criteria ment.oned in Article 33(1) PCT, 
i.e. appears to be novel and inventive in light of the documents cited in the 
International Search Report. 

2 ' 1) l^neofthe! documents cited in the International Search Report discloses the 

combined technical features of claim 1 . The subject-matter of claim 1 is therefore 
novel. 

2 " 2> D^^^^titosee a distributor for distributing a flow, which differs from the 
subject-matter of claim 1 in that the housing is not manufactured in a single piece 
Although the flow cells seem to be arranged in parallel in two directions, as darned, 
the housing which comprises an inner wail structure defining the inlet manifold, the 
outlet manifold and the plurality of flow cells therein is manufactured of this known 
distributor is not manufactured in a single piece. 

Starting from this prior art the problem to be solved by the present invention 
may be construed as providing a flow distributing unit which is more cost effective to 
manufacture without losing the possibility of providing tailored cooling for the 
surface(s) to be cooled. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-January 2004) 



INTERNATIONAL PRELIMINARY 
REPORT ON PATENTABILITY 
(SEPARATE SHEET 



International application No. 
PCT/DK2004/000735 



According to the present invention this problem is solved by modifying the 
housing, the manifolds and the flow cells in a manner which allows them to be formed 
in a single piece. The corresponding solution is suggested by the embodiment shown 
in figures 9 and 10 and cannot be reproduced without undue burden by the housing 
shown in document D1 which is unsuitable for manufacturing in one single piece. Nor 
would the skilled man resort to the teachings described in documents D2 - D6 as they 
do not provide a solution for manufacturing the housing in a single piece. The 
subject-matter of claim 1 does therefore involve an inventive step. 

2.3) Claims 2 - 16 are dependent on claim 1 and as such also meet the requirements of 
the PCT with respect to novelty and inventive step. 

2 4) Article 33(4) PCT 

The subject-matter of claims 1 - 16 is deemed to be industrially applicable, as 

required by Article 33(4) PCT. 



3) The attention of the applicant is furthermore drawn to the following deficiencies: 

3.1) Independent claim 1 is not in the two-part form in accordance with Rule 6.3(b) PCT. 

3 2) The claims contain references to the drawings. According to Rule 6.2(a) PCT claims 
" should not contain such references except where absolutely necessary, which is not 
the case here. 
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DE 202 08 106 U1 discloses a cooling device, in particular for liquid cooling of 
semiconductor devices. The cooling device comprises a housing and a 
separate baffle positioned inside the housing and with a plurality of flow cells 
5 defined therein. The flow cells each form a fluid connection between an inlet 
manifold and an outlet manifold. DE 202 08 1 06 U1 does not disclose that the 
housing, the manifolds and the flow cells are formed in a single piece. 

US 6,101,715 discloses a microcoding device with a channel structure through 
which a coolant fluid can flow. The device shown in Fig. 1 comprises an inlet 
10 manifold, an outlet manifold and a plurality of flow channels manufactured in a 
single piece. 

The flow channels are connected in parallel between the manifofds along one 
direction, i.e. the direction transversal to the flow direction. However, they are 
not arranged in parallel along any other direction. As a consequence, a 
15 temperature gradient would inevitably occur along the flow direction of the flow 
channels, and it would not be possible to tailor the cooling. 

EP 0 447 835 concerning a cold plate and an integrated cooling module 
embodying a cross-hatch flow distribution scheme discloses a prior art cooling 
module in Figure 3. This prior art cooling module comprises an inlet and an 
20 outlet, and a meandering flow channel establishing a fluid connection between 
the inlet and the outlet The flow channel is provided with fins in order to create 
turbulence in the cooling fluid; Since there is only one flow channel, the cooling 
is serial, and a temperature gradient will therefore occur. 
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frequency converter or motor drive, or a central processing unit (CPU). In case 
of a large power module it is important to eliminate, or at ieast considerably 
reduce, temperature gradients across the module. Especially if several 
5 individual power semiconductors are operated in parallel it is crucial to maintain 
substantially the same temperature for all components in order to reduce or 
eliminate the risk of thermal runaway. 

The present invention also relates to a fluid-coolable electronic unit, the unit 
comprising an electronic circuit encapsulated in a circuit module having an 
10 outer surface, and a distributor as described above for distributing a flow of 
cooling fluid over the surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in further details with reference to the 
accompanying drawings in which: 

15 Fig. 1 shows an exploded view of a prior art cooling unit. 

Fig. 2 shows a perspective top view of a prior art flow distributing baffle. 

Fig. 3 shows a top view of the prior art distributing baffle. 

Fig. 4 shows a perspective bottom view of the prior art distributing baffle. 

Fig. 5 shows an exploded top view of a prior art clamp-on cooling unit, 

20 Fig. 6 shows an exploded bottom view of a prior art clamp-on cooling unit. 

Fig. 7 shows a perspective bottom view of a flow distributing baffle in the prior 
art clamp-on cooling unit, 
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Fig. 8 shows a perspective top view of the distributing baffle in the prior art 
clamp-on cooling unit. 

Fig. 9 shows an exploded view of a one-piece flow distributor for cooling 
5 purposes, shown in front of a plate to be cooled, 

Fig. 10 shows a perspective back view of the one-piece flow distributor, 

Fig. 1 1 shows an exploded view of a prior art one-piece flow distributor having 
two cooling plates, 

Fig. 12 shows a prior art flow distributor having a circular shape and having ten 
10 plates to be cooled arranged on an inner periphery, and 

Figs. 13 and 14 show exploded views of a prior art flow distributor having a 
cooling plate and a radiator arranged thereon. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Turning now to Fig. 1, a cooling unit 1 includes a housing 13, formed as a box 
15 with a flat back plate 11 and side walls 20 which extend from the back towards 
a main opening at the front of the box. The housing 13 has an inlet opening 15 
and an outlet opening 14 for liquid connections from a pipe system or the like. 

A baffle 4 fits with the internal surfaces of the side walls 20 of the housing 13. 
When the baffle 4 is placed in the housing 13, it divides this into a top 
20 compartment and a bottom compartment. The bottom compartment is formed 
between the back plate 1 1 and the baffle 4, and is further divided into two 
chambers or manifolds, as will be described later. The openings 14 and 15 are 
in fluid communication with the bottom compartments. 

A top plate 3, the lower surface of which is to be cooled, closes the top 
25 compartment when it is mounted on the main opening on the housing 13, by 
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side, will bear on the bottom plate 1 1 of the housing 13 in substantially fluid- 
proof abutment. The bottom compartment of the baffle 4 is hereby divided into 
an inlet compartment or manifold 8 and an outlet compartment or manifold 9, 
5 when the baffle 4 is placed in the housing. All cell inlets 5 are in connection 
with the inlet manifold 8, and all cell outlets 6 are in connection with the outlet 
manifold 9. The cells of the top compartment, Figs. 2 and 3, are thus all 
connected in parallel between the inlet manifold 8 and the outlet manifold 9, 
and thus in parallel between inlet and outlet positions 15 and 14 of Fig. 1, 

10 The inlets 5 and the outlets 6 are placed such that the outlet of one cell is next 
to an inlet of another cell. This has the effect that heated liquid, which is about 
to leave one cell, is close to unheated liquid which has just entered a 
neighbouring cell. This serves to minimize the heat gradient along the cooled 
plate 3. The heat gradient along the cooled plate is further minimized by 

15 varying the size of the area which the cells cover. Along the edges 12 the area 
of each cell is larger than on the rest of the surface, whereby the cooling in the 
area along the edges 12 is less effective than on the rest of the area. This 
reflects a situation where the density of heat generating elements is lower 
along the edges of a semiconductor device than on the rest of the device. 

20 Lowering the cooling effect along the edges of the cooling unit will Improve 
temperature uniformity across the cooled plate. 

In the cooling unit shown in Figs. 1 to 4, it is intended that a substrate with 
semiconductors be placed on top of the cooled plate 3, in a way known to 
those skilled In the art. The cooled plate could however be the substrate itself, 
25 placed directly as a cover on the cooling unit. This is a consequence of the 
minimized heat gradient along the cooled plate, which makes the traditional 
heat spreading plate, shown in Fig. 1 as the cooled plate 3, superfluous in 
some applications. 

Figs. 5 to 8 show several views of a similar cooling unit with dimensions 
30 adapted for cooling a microprocessor, a video display processor or a similar 
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f CLAIMS 

1. A distributor for distributing a flow of fluid over at least one surface to be cooled, the 
distributor comprising a housing being manufactured in a single piece and having formed 
therein an inlet manifold, an outlet manifold and a plurality of flow cells (Figure 10; 26, 27, 
5 28, 29) connected between the manifolds, 

each flow cell (Figure 10; 26, 27, 28, 29) comprising a cell inlet (Figures 9 and 10; 5) In fluid 
communication with the inlet manifold, a cell outlet (Figures 9 and 10; 6) in fluid 
communication with the outlet manifold, and a flow channel for guiding a flow of fluid from 
the cell inlet (Figures 9 and 10; 5) along the surface(s) to the cell outlet (Rgures 9 and 10; 
10 6), 

wherein an Inner wall structure of the housing defines the inlet manifold, the outlet manifold 
and the plurality of flow cells (Figure 10; 26, 27, 28, 29), and wherein the plurality of fJow 
cells (Figure 10; 26, 27, 28, 29) are connected in parallel between the manifolds and are 
arranged In parallel in two directions between the manifolds. 

15 2. A distributor according to claim 1, wherein each flow channel is formed to cause a 
plurality of changes in the direction of flow of the fluid flowing along the surface(s). 

3. A distributor according to claim 1 or 2, wherein the housing comprises at least one main 
opening formed to be closed in a substantially fluid tight fashion by a surface to be cooled, 

4. A distributor according to claim 3, wherein the housing comprises at least two main 

20 openings, each being formed to be closed in a substantially fluid tight fashion by a surface to 
be cooled. 

5. A distributor according to claim 4, wherein at least two of the main openings are arranged 
in the same plane or in substantially parallel planes. 

6- A distributor according to claim 4 or 5, wherein the housing comprises two main openings 
25 being arranged in substantially parallel planes opposite each other with the inner wall 
structure arranged In between. 

7. A distributor according to claim 4, wherein the housing comprises at least three main 
openings being arranged relatively to each other in such a way that a cavity is formed 
between them, the Inner wall structure being arranged within said cavity. 
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8 A distributor according to any of the preceding claims, wherein the housing comprises an 
inlet opening (Figure 9; 15) for leading fluid to an inner part of the housing and an outlet 
opening (Figure 9; 14) for leading fluid out from the inner part of the housing, the Inlet 
opening (Figure 9; 15) being in fluid communication with the Inlet manifold, and the outlet 
opening (Figure 9; 14) being in fluid communication with the outlet manifold. 

9. A distributor according to claim 8, wherein the inlet opening (Figure 9) 15) and the outlet 
opening (Figure 9; 14) are formed on an outer surface of the housing. 

10 A distributor according to claim 9, wherein the housing comprises a substantially plane 
surface (Figure 9; 11) having the inlet opening (Figure 9; 15) and the outlet opening (Figure 
9; 14) formed therein, and having the inner wall structure formed on one side thereof. 

11 A distributor according to any of the preceding claims, wherein the inner wall structure 
delimits at least one Inner flow cell (Figure 10; 27, 29) for distributing fluid over a central 
part of the surfece(s) to be cooled and at least one outer flow cell (Figure 10 ; 26, 28) for 
distributing fluid over a peripheral part of the surface(s) to be cooled. 

12 A distributor according to any of the preceding claims, wherein the inner wall structure 
delimits a meandering flow path along the surfaces) in each flow cell (Figure 10; 26, 27, 28, 
29). 

13 A fluid-coolable unit for removing heat from a heat source, the unit comprising a plate 
heated by the heat source and a distributor according to any of the preceding claims for 
distributing a flow of cooling fluid over a surface of the plate. 

14 A fluid-coolable unit according to daim 13, wherein the unit comprises two plates, each 
being heated by a heat source, and wherein the distributor Is adapted to distribute a flow of 
cooling fluid over a surface of each of the plates. 

15. The use of a unit according to dalm 13 or 14 for removing heat from an electronic circuit. 

16 A fluid-coolable electronic unit, the unit comprising an electronic drcult encapsulated in a 
drcuit module having an outer surface, and a distributor according to any of claims 1-12 for 
distributing a flow of cooling fluid over the surface. 



